Pseudosubstrate inhibition of CDPK, a protein kinase with a calmodulin-like domain.
Between the catalytic and regulatory domains of calmodulin-like domain protein kinase, CDPK, is a junction domain which has some identity to the autoinhibitory domain of calmodulin-dependent protein kinase type II (Harper, J. F., Sussman, M. R., Schaller, G. E., Putnam-Evans, C., Charbonneau, H., & Harmon, A. C. (1991) Science 252, 951-954). To investigate whether CDPK's junction domain also functions as an autoinhibitory domain, we determined the effect of synthetic peptides, corresponding to sequences within the junction domain, on the activity of native soybean CDPK. Three peptides, corresponding to residues 310-332, 318-332, 302-317, were competitive inhibitors with respect to syntide-2 and had Ki values of 5, 25, and 85 microM, respectively. These peptides were uncompetitive inhibitors with respect to ATP and had Ki values of 24, 220, and 510 microM, respectively. A fourth peptide, CDPK alpha 302-332, inhibited activity by a mixed mechanism with respect to both syntide-2 (Ki = 1.9 microM; K'i = 5.0 microM) and ATP (Ki = 15 microM; K'i = 4.5 microM). Three of the peptides, CDPK alpha 302-332, 310-332, and 318-332, formed complexes with soybean calmodulin during electrophoresis in native polyacrylamide gels and were able to inhibit calmodulin-dependent protein kinases. Given the similarity between CDPK's calmodulin-like domain and calmodulin (40% sequence identity), it was possible that these peptides could inhibit activity through interaction with the calmodulin-like domain rather than the catalytic domain. To address this possibility, a cDNA encoding the first 312 residues of soybean CDPK alpha was constructed and expressed in Escherichia coli. This enzyme, which is missing most of the junction domain and all of the calmodulin-like domain, was active in the presence and absence of calcium. Peptide CDPK alpha 310-332 inhibited this truncated enzyme competitively with respect to syntide-2 (Ki = 4 microM). These results show that the junction domain is capable of functioning as an autoinhibitory domain, possibly through a pseudosubstrate site located between residues 310 and 332.